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y ^*7 iL^—emm^-CDnN A««^— »Sfcii£» 10 

* fr-fe 0 . y =1 > t*^— ^swie^ij^ 1 o x p -efc 

IB** 4 ] i? y Wvl^ h>f 1^7,7 ^y — i?CD 

i^^^i 5/ h^rrn— KtSafi^L c b 2 CO— gBSfcte 20 

9i:»St0 3>rv'3t^; y?7$ h^fLSb^io 
IIS^^15] -try w^u^; h-f/w h y>-*7^7 — ifco 
t7^^^/ hSr=3— Ki-Site^L c b 2co^^ y > 3 

l^E*fctf> = >'^'3'*vW y^TV hi*?LKl«>o 30 
Xf*£»*r^efbLfc, IS^l#^L5<Oi^H^l 

1) tyy^/u^ h-Y^u h 7 1/77 ^y^ ifit^T-coy 40 

/ ^DNA®*gttO— »Xtt±W*ry = >t^*— *«tt)E 
h 7 is*?*- y— ifite^-co^V ^DNAiSO- §PX 

y y * D N A gMSc CO— a X fi£« CO fB fpjffl^ £ ± C £ 

3) Bfrie»ma»^.4r*i:]tiffitt«iWiia4rffli^T, y=a so 
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4) iWKae^&^iM*** mmftm&jRxfi/xtemm 
^*aae-?-afc*«i*i:aEEur, tyy^u^ h 

^ h y >7 7 ^7— 1? K<D&&&&fM¥fm#} 

^^Itfc^ y 3^tr*— ^«we^w s i oxp-cfc 

*C^Ktt»jNBJ»t»KWJJi|»<^:«><OEyiJt*tP, iff 

#3S 9 * fcl* 1 0 iC|S«CO^-^ e 
[»*512] 183) ^-yf^f Is^ff—tf 

»fi,flcDNA3i>e>Bij(w*xa*r*tf, 

1 ^E*^>*feo 

[ §ff#3gl 3 ] IS*^9^t>Ll 2(Ot^tt^l3lCDflF 

tr^ir y w*^* h-r^ F7y^7x7-fie^ 

nyf^at;^ y?7V h*?L»te^^«!*fetcfie 

F^;uh7y^7i7- ^Ifi^O^/ i^DNA 

E^J*^. WEEjiJ-e-fe y h^/uh7>^7 
1 7 - ^Ifi^^y y A D N A««(D-axil±»SrS 
I^a«x:t5r i:^4#^i:^5. fftfE^-^TW :/^< 

lc*ASnfcEtt»JNBJft<©*fta^i-*fca?>©E^J, R 

(DmyKDitzxDmm&stt, is*^i 4i;he©co^— ¥ 

y* >( 1/ tf^< $ $ — 0 

[0001] 

j5g<o=i yr>f v-3^ywy y 9 T Y*m\Mm%> cfct^co 

[ 0 0 0 2] 

*7 4>=fJ£1tU % *7j ^=fy t: c Ki LW^ix, 
^>=/ixWj:^*«(*»*toJliK<otta;-c*>i9, ^y 
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aWtfcSo ^y 1rDj|BR£»fc!9 fcffc4ffc»L 
TffitoT^Tfo "9 , p cufvW»-> * y — 

[0 0 0 3] *!7-f ^MIBRtt, X7 4>=*fcR<Dl 

[0 0 0 4] xyj >-3fy >J1BKH ^7>fy^ffil(W 
SfcOSr*g»i-So ^ Kl - y ^Ifc^RStffi 20 

yrfy s kts /^W^ a^^n 

[0 0 0 5] ^7^yrfjf(D^ 

ii) c -ty^i^^s b-r^coA^rtH^ 

R£U 4l5:|^coxm^^Tir^ * K (N-7^7 30 

sffrzS^/fr (G 1 c T— 1) 

UD P — ^^b/;l/3- r. T% 

13=7? h'WVh7^7x7-t' (Ga l -T) 

^-^J (Gangl ios ides) , ^naS^M (G 
lobosides), ( L a c t o s i d 

e s) fC0^7^fy3^if^#bn^> o 40 

^ : ir ^ ^ yi3=7$ h7^7i?— fc? (GC 
T) h-^75^^^n/i^^{c(i. 

Rt, -t^s KtuaiMii lt, pix.il z&m— m 

= — ^tte Kn^r^Sic3 y >y >ge 
BJfi:J;oT!l >B*^^^/H*-&-fS ^ tic J: 19, ^ 

[0 0 0 6] *7>f >3jg(Di^ 50 



[0007] 1) mismm&&&bi,x<Dmifex7 4> 

[0 0 0 8] fflJ5ai^Wai^{cj;oT^#^^PlBt^tt^ 
ft life 6 <b<7W, *3*3tr*a^5 0%^iS<!:fi 5 0%£> 

* >s<*Rfrbm&&tix\t*z>o mtem&mntt-i' zmft 

ten, yvfliJC, *M£R, ^Tn-;^fe5, yvJIBR 
i ITIi, 7t^77f^3 y V^cD^yirn— /u# 

5^7^y3-|jiR^*ii5« ^/c, mmwtisXh* 

7^>^i/y^tfti:tt^/U3-7, 

[0009] JNBlS8t«>lBK«*tt— < . 

•9 *' *MBK»41I«Sk"#< Lt^5 0 #f-i5¥s <t 
19 «BfWl-BBK«l*4r#i--6*flliail!l«) Ky >T ^(OfttEfc 

*Wlt It^-<t7i77 hJ&SfcSo 

[0010] r^-<^-^j ±&*Bja4^a*^*Bja 
<oj»iiaKii[T(-#^s»iart»!e«i-cfcSo 50-1 

^jT'fcs h y b>x~ i o oco^mmftt ltjws}$ 

^7^y3;xij>i:, ^v^^H (^7-<^-y>-) (i^ 

i) 3^777^^ y v- h — (G P I : g 1 y 
cosyl phosphatidyl inosit 

o i) T^x—mf^^fg^tto ^^^-y^mmt 

Ltd 18 h 7 y^TK-^^c amp^^ 

[0011] ^77hj (t ^7^ y3^f ^ =i U^y^ 

p-/H:I^, ^ ^^R©aaU^BB*i"SIBl Ky -Y > 
HtS"i^f: 0 >3faBRl2HB)K8£B# 

</<jy^Lt^5i:%i6ii5. — y >HBRtt*>^ 

i^7t^(C y >J3BRIr1±(^3/^ U-< vvRtelcfcoT 
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(aoT^Ltt^o *7^ ^^mjriB^iBBRttiasi 
[0012] 77 htt-t<o«it^e>, *>-i±<Dftm 

SfD^^-^i^ ^SfeS^^St^ri: 20 
[0 0 13] #-<3f-7<b7 7 Hi, ^^JliWafife^-ejS 

*■ 7 # <o mm m t # se -r 5 t> <d t % * e> ti x v > £ „ 

[0014] ^-<t7^77hj j»#£>, *ffifl£X^ 
Vol. 18, No. 8, 1999, p. 1155-1 
161; rTJW!S»lW**ffi/^^ueat{-*5tt^7 7 40 
h^SWj gcfflb, 161 »ft »* Vol.4 
5, No. 11 (2000), p. 1812-182 
2 0 

[0 0 15] 2) i/^t^eSttHi LT<^iSE 

[0 0 16] Afr^dii. t7; K h 
tt!B*l (W;ttf. Jn*SU) CJ:57^ h-y^i:jo(j^ so 



^1#SKlu-fer7 p ^- (jfiLffrt&fflte^biSe^- (end 
othel ial di fferentiationg 
ene) (Edg7r;!J-) ) ^u*3^ jfn.^ 

[ooi 7] g^r>-gflgg^Mil^ ^rfr f 

u ^</u -e <D*$t£ BQ t T 12 1 5 1 A/ ifOT^ b tit l/> 4 1 \ 
[0018] Hanadab (Journal of 
Biological Chemistry, Vol. 
267, 1992, p. 2 3 5 2 7-2 3 5 3 3) iiC 

HOiiSSMM^KIttSPB-1 Srffli^T, 
SbS ^^-iSS^ig <!: it, tyy/V^; h^i- 

F7>^7x7- i?8$3? (SPT) [liot, s</]s*h 

^i)VO o At4¥&mr$ ;»L- try U 3 

->5r h^7^ >#~>^^/#£*L<5 0 SPTI1 Lcb 
lHcb 2 CD 2 31(7}^:/^-^ y F/5^/^^tdW 
T-T-^Se Hanadaf)li rHlb^5^t7^^ 

-^£#-r6r£S^mt*S PB- l tt, ^fF^ST(-*3 

[0 0 19] iftl/^UT(?)^7^ ynlgoiig^jj? 

lEHa n a d a bOfft:£^b fc^^nS J: 9 131, *7 
SPTJlfi^ (Lcb 1M2) ^TOfttty y ?T 

( 3 ^ v- 3 t/Hc) fBHB pTDB* 77^7^b Sbfe^f^ 

[0 0 2 0] 

h 7 ^7j7- ifit^^^DNA^^CO— 8B*fctt^ 

[0021] v-a 5/ ^ hug 
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^ h ^ h 7 >^ 7 x 7 - f tfi^^D N Afi«(D-« 
[0 0 2 2] ;£3£0jl<£>3 >"r >f > 3 ryfTp 

y i.DN aii*©-»xii4»s: y =>tr*— *«we 

h 7 y^7x7-^Ifi : ?-Oyy ADNAfilS^ — pB3£ 

(iiffl^ffilRliia* tt 5 r ^ ^ 1 5 ^ - ^r >f v 

2) Ktt»jNB»lc*WE^— y^-f * — 

AU ty h^^h7^7x7-^16 ; f© 

20 

- 4) mHkfc*w&wm*. 'mm^^Rxf/jL^mm 

afcm&HcV =vtr*— *-*:>>^ s 

*«^*e^&^»»££EL-t\ t!)^>; h 

[0 0 2 3] BftfS^^^ v-a^y 

^ » 7 — ^ ae^^r wi-s*e^-3fe^»» 

[0 0 2 4] #3691 ti$ bMSfc, WlE^t h ^Vf 
h"f A- h7^7x7- ^itfiT-^yy i>DNAgI*K<E> 40 

-WiiiS^ y = > tr*— **«Ey<-(MKA/;K EJiJSr 
mflEE^J-Cir y w^/u^ h-f^h7>'^7x7- 

[0 0 2 5] 

£t@^Lfc 0 so 
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[0 0 2 6] y^lBMg)^>fW3t;uy 

#3!fm> ^ 7 >f > ^SS^iS^ ^ > r >f -> a t/w ^ 

>=/JiK^«(^— »Xtt*»*:^F»<fc: 

[0 0 2 7] ^fflSlC^l^T, Tir y h 4 Ji> 

h7^7x7-fj li, ^7^>^gK^O— S* 

geL--fe y Srflifi^U 3-^h^7^y^^ 
^t^B*tfe6 B h^;uh7>^7x 
SPTfi, LcblHcb2(02iW 
^L^y M^/j:6^fD^-v-T'fc5 0 L c b l t:o 
t>Tfi, 0iJx.tf* H a n a d a , K et a 1 . , 
Journal of BiologicalChem 
i stry, Vol. 2 7 2 (5 1) , 1997, 
p. 32108-32114 LcblCDcDN 
AE^'J^G ene bank accession N 
o. AF 0 0 3 8 2 3 LT#K$nfcr b&K.1fc£tlX 

*s>9. m7£T^;mm&ffl7f;£tix\,^z> 0 Lcb2 

IS, Nagiec, M. M. et a 1 . , 

Gene 1 9 9 6- Oct 24 ; 1 77 (1- 
2) : 2 3 7-4 lC(j:, v^^Lcb 2GQcDNAlE 
^IJ^G e n e bank accession No. 
U 2 7 4 5 5 t LT#KS*bfc:: £as|E»£;*xT*3 9, 

^xEi-SE^JS'fi^i^T, l c b 2wr> y^ia^iJ^ 

E?'J##1 , c DNA<D^SE^J^rl£^J#-^2 t Lt^ 
*K<Si-5o ^fc, |tjl^)Na g i e c, M. M. e 
t a 1 . , Gene 1 9 9 6(t thLcb2^^ 
^Lcb 2<DT * J Kia?U4:> K. 1 a c t i s , 
S. cerevisiae, S. pombe ^GDg#©£ 
5&<DL c b 2 irW-^Titi^LTl^o * 7 >f >=*flBWl* 

[0028] Lcb2(t S PTOi*^MtloT^ 

Lcbiit fe^mm-tz^-J^-y htfcstn 

^>fc^(ci^, L c b 2*3— KtSlfif©- gB^7tli 
l\ BUiEcOHa n a d a ^Of^^: (1 9 9 2) ^11, L 

c b l y h*^- K-r2>ae^lc^SSrt£Lfc 

b lJc«*S:16L-CSPTSr^»{fcS'tir6wt tpftB-C 

"So 
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[0 0 2 9] ir V >s<;l> ^ b 4 b 7 > ~ 

13:, yy A^ir y h^/U b7 V^:?^ 7— 1f 

l/\ ^S^^^S^L c b lSfi^tliLc 
b 216^3' «-C*>oT, L c b lite^^fc^L 
cb2at^^c05 , flJ»^ttjE«(C(E*, ai^^n^m 
£\ L c b 1 £fcf2L c b 2<DN**«Jte*tepTftftJ: 

^i^n-r.s, gp*>. -try w>vu^ h-fw h^y^y^ 

b lafis^FSfcttL c b 2mfc*<D5' LV\ 
[0 0 3 0]—*-, M*6=« K^*r^tp5* ^J±«tco^(i 

W{a«r^tP«*SJw^S*rJfi-ri:, Lcbl *fcttL c b 

a^y ^>79 b£thtz#t bm$LW}m&nz>t\<^ 
[oo3i] <9 . Lcbi ae^y-* 

V>T, »*L<tt*»J:i3 5' ±fltfl!k Jz9#£L<te 

i/3i9'±««cSE»«r)6-t- 0 Lcb2y; so 

ah^ y > i T^b^y y > i 2a>b#3 tmfcztix 
Sf^L<{^^y>-i-^^y^6^®fflrtic 
isi^x, <t «9$?^ L< ii^y y >3 -31^ yvscogais 

HJ60yic:ioV^r(i-^^^L c b 2 yy j»<d*-9 y >3 £ 

[0 0 3 2] ^^Sl-ib^T^ 7 7^V=rli 40 

£##*rsyKL— ty ist&mn&l,, 3-srb* 

y 4 >tf~>* J &&-fZ>mm, tyy^>> h-f;uh7 

y^7x7 — RXdXJifrtt 1X7 ^ ^ > ^sc^/S 
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[0 0 3 3]. *3SM{c*5t^r , y j**p<D± y 

^ b>f si>by>-X7^y — -ifae^^DNA^i^CD— g|5 

y^y x^-t'ie^oyy adn aco— ^cl^jE. gij 

>^7x7- tfae-7-«:«tB^tttc-r-6^«)(ci4, iry 

>v<^* h-fyi/h7y^7x7- ■tfate^i-fctLT, 3£ 

ae^o^^RR^ixT, 2^ji0>ae^ w&tfL c b 

l&tN'L c b 2a^0^yytro^Tf^B#l-^^^C 
[0 0 3 4] *ii[:iol/^ AD N ACQ T^^j 

tte, t y y/^u > h ^ ;u h 7 y ^ 7 x 7 - f ae^-^ 
AU ^MIlttyy^;i/; h^;^7^7x7 

— ^ae-^asamfcas-t y w^u* h^^h7y^7 

K/vh7^7x7 -fite^^yy AO— ii 
±»t**S«:ti:J:0, tyy/^/^ f^;uh7 
y 7 7 x 7 i^<7)f Sli^t y y^;v ; h-rvu 
f 7 y77x7-if < 5: L-r««Uftlr^*feli#aEU* 

ai:»it t^aj tyy^>> h^;^ 7 ^ 

7x7-fie^*l:, iryy^yi/^ h-f;i/h7>^7 
3. 7 -tflfi?a^©EM«r#t 5DNA ^ff Ai" 5 r 
£ I- J: 0 , ^i^ir y ^ h^;^7>^7x7 -if 

Ig^W©DNA^#Alttyy^^ b^J^by 
y^7x7-f igf wM!W s t y y^VM h^/u 

h7y^7x7-ifi ITML^^ct 5t--r-S>r A:* 

*^Wi-*5t>r, ad n aco rg^j 

^y WnVP^ f^^h7>77x7-t'ae^^VA 

O— ^*fc(i±a^rir y y^Vu-; h^;^7y^7x7 

y ^ h>r h 7^7 x7— ^ <D¥£i%my9fc-z V 

>s<^* h^^h7y^7x7- fef LtStlLii^ 
[0 0 3 5] *^B^C0y .y ^T^ B# 

^7^ >^MW*J*©— WXtt^Wt^FSIkS-frT 
WI-ae^O*»*«»i-*rS--«ft4*ffii: LT, 

a) y =2>t^— 7^>^^^a/ y 3>tr^— 
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f -yn h^-^y-x r^— y^- x-r>r 

^^W*SSI$tffJ (2 0 0 0^ ¥±tt) ^rr>3 
-TfrZ—fT-'i >y*fep. 115-120; /<>T^-^ — 

^xT/i^y— xs re;-y^-yf-<^^j -es» • 

JiaS:fflv^*S^£*<^S{ (1 9 9 5^ ¥±tt) 

p. 71 — 77) ;Sambrook^>, Mo 1 ecu 10 
lar CloningiA LABORATORY 
MANUAL, H3JK, COLD SPRING HA 
RBOR LABORATORY PRESS, 200 
4. 82-4. 85) o 
[0 0 3 6] a) ayhf*-^^ W^t/!i 

iot, y =i>-t^— x?>s<?'K& 

frttT-te&t^ /^^r y *77-^P 1 *3fctf>C r e 
iJ ayfc^-^^>/^f i:C r e ^w^ICJ:oT 
Sg»Sn5 3 4i&mtt<D 1 o x PE?U£r*lJfflLfcC re 30 
/loxPy^r«jtt\ ^Oft, g$«£l3fe£>F 
LP/F RT^rA ( J u n g , S. e t a 1 . , 
Science, 265, p. 103-, 1994) 
(v$%W)WfflJ&, <?i>3 $s<zr. (D r o s o p h i 

1 a) •?hnm&&Jl&£.CZ>) . Zygosacch 
aromyces rouxi i SR 1 !J ^> ^ 

— 7 m&S. cerevisiae L 5 5) * 

* — * 4£ WE?|J is 7^ J* Srfijffl lf;3>fy 3 f;l/y^ 
[ 0 0 3 7] B) ©lfif*»*MS©*iSfeii, 

— * — (TET-A) ^hyy^T^f^^-^-a 

ik, TET-Aaem *aae^ti^i:*»«s:s: 
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ET-At t e t^n^^-^Ltff^^^ 
Srf^Sf-rSo TET-AI4#WtJ:9f h7t^^l)^* 

<^<9, iotf h7f ^ y y^^pf^EiteJ:t>' 

[0 0 3 8] *A«ffllia4#SWl-^7>f 
>\>J y ZT V h*?Ltib#3, WT»MI^7^ 

[0 0 3 9] Wl0 3yf'>at/W y9TV h*fL 
7 5>K ^r*\ **** ty^*tf*)5. 

*Lt\ *%£W<D7 ytTT *? b*#L»*liJ*f£ 

[0 0 4 0] 3yf->3t^y yvTy- hPj?L 

1) -t y wou^; h-r/w h ^ ^7s7-*ie^^y 

h7^7x7-tflfif^y^DNA«*0-«X 

2) EEttWiNBia^WIE^— y^-f y^^^-e^Ki 
AL, -iry^y^u^ h h 7 >^ 7 31 7— tfjfe^^ 

3) mEffiraa**«r*u^aa:tt(**iBjas:ffl^-c, y^ 
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[0 0 4 1 ] ±3*Lfe*5IW<©*t h a V^> 3 ^A 

[0042] i . tyy^vi/^ h^^h^^yx?- 

-gjjg^oyy .ADNA 

yMDNAIl JMfcftSBIlS (ES«) <affl|5l*&tfc;i 

**l*LTttffl-*-5« PI«-C*>oTt ****** Sty 

[ 0 0 4 3 ] 0iJxJ;t\ ir y W*A^ h>f/V h 7 30 

y7 7x7-ffg : f- (LcbaiiLcb2) ^/ 

yp-y^fciiyy^DNA/p-^ftffiLT, 

b«ti\ fcsiMi, i££nco-^* ty h^TA- 

b7^7 x 7-1«tfi^EMfc*<S^T{iaK Life* 
fiSc^y =?X^ u^-^ KSr ^ n _ y t ITfc J:V\ 40 

[0 0 4 4] *{£&^f3, L c b 1 tCOV^Tte, «x. 
(3\ H a n a d a , K et a 1 . , Journa 
1 of Biological Chemistr 
y, Vol. 272 (51), 1997, p. 32 
108-32114 L cblOc DNAE3W 

Gene bank accession No. A F 
0 0 3 8 2 3 LX&tit&tltzZ b & tlX & Q * if 

3£7 p $yttE^WSBB^Snrv>So Lcb2(l tfdx. 

(3\ Gene bank accession No. 

U2 7 4 5 5 d: Ltv^L c b 2 COT S y g£E?'J*3«fc so 
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t^c DNA(Otf[SEJIJ^H^$tLTl^o *W*B*(w*5 

y *E#I*E5«»# l , cDNA^MI^iJ^SEJ'Jt^ 

2 b LX&*mm-f Z>o N a g i e c , M. M. 

et al.,Gene 1 9 9 60c t 24 ; 1 
77 (1-2) : 2 3 7-4 1*2, t FLcb2ivr) 

* L c b 2 COT 5 y»E?9*r, K. 1 a c t i s % S. 
cerevisiae, S. pombe ¥f<D&M&$£<D 
L c b 2 iflHtTJMRLT^S. rttbOE^J^S^^ 
T c DNA(D4ft«L< Ifl&flJ/B Lfc c DNA/n 

u y/^y^^^y-Sr^^y^ymrt^ 

[0 0 4 5] ^Jft^ttSr^Lfc-fey W<yV* 

^ h7^7x7- ifite^y/ ^DNABfrtf&ftJPlBI 

*-c«j9Hju. mascot d— =^yffl^<^ 4m-#a 

SpBluescript (Stratagene 
tt), pBR3 2 2. p UCtet*<D\,^ir}UD'77* * K 

ifitfc^-tcio^Tcoyy i*^ d — >t*$>^ ~ t &m 
[00 4 6] 2. ^ — y^^r co^^ 

^— y^-oy^^— tyy^;u? h-r/L-h^y 

* 7 a. 7—ifit^T-COy y 2* D N A fp^CO— fflSX J2±£{$ 

* y = >^*— *«ttEW^tt^E3«**U UCE 
^iJ-C-tr y h^/u hy y^7x7- tfiteT-coy 
y ADNAS^O- SPXtt^SI5S:tSlRliB**.i-*^«>^ 

^; h^T a F7y^7x7- tfiHST-co^ — yr-f >y 
-<^* — 13, -fcy Wlrt^ h^TA- if3S 

^^coyy ^dna««©- SBXfi^wsr y 3>t^— 

^*»EM-C«A/KEM«r4tpr i fc-TS. y = 
^*»EJiJ-C«*ixfcEW^*BWatllA^J: «9 

5 y ^^>^^K(0**SttizJ: 9, y^v 

tr-»— ^«WEJU-e**ix^EM35syy J*i>*b»m* m 

»-frtcttEWOBiJB*«fttafe«i*, -ty h-T/uh 
yi/*y =l7— ifiteT-coyy ADNA^)fc¥, SKfi 

y =1 > tr^— ^m^in<D^t£\^fi^t> t m 

frw»»*»av/x«a*«F*»tciw»i-5 r t \zx 

oT, ^7^>=^BiK^o--»Xtt±»«:NFJM1#*W 
atr/Xtt»»#*Wl-^FfSft*ii:Sw t ASpIlfiH* 
<5o 



V 
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[o o 4 7 j «^iao^ijfflip z> y ^> tf*— * 

7!lt77-^P 1 S^COC r e y a^hT* — 

^Hi:Cr e^w^fi:«toT^BISix5, P l 

ftJM.^*:/ h^^^ hi ox PRyflSrflJflJUfcC r e 
- 1 oxP^T^ giS*OFL P/FRT'W 
A (Jung, S.et a 1 . , Science, 2 

65, p. io 3-, 1994) {*m\MWm&. 

(D r o s o p h i la) "Cfc+Bl^liiatjl*. 
C £) , Zygosaccharomyces r 10 

5' -ataacttcgtata atgt I atgc 
3' - tattgaagcatat taca I tacg 

1 o x Pffl5ttl^*5ttSa*X.ii, P 1 tf> c r e ae^K 
ioT^- K$ixS 34 37;y^!i a 

C r e jCj:oT*«t*ixS« * 1 o x P^FP 

fin, i 3 mmm^m r> m l £ bmk-t a 4 asst^^^ 

— *>e>45, 20(^)Cre8^»?)45. 
DiSLiaMOfcofctiJIffiW 2 m»z.MBt& 20 

fft$^rt4<tt»^Ii-cfe5, #1 o x PSfil: 

r e — 1 o x P 



a 



n—(omk^ (dna§) 



-gt^^DNA^f^Wl^V^T, **^Lfc 

1 o x p^- ht-r^^M^^n^c 

1 o x prBio*aiftx.tiSttSr*r*t"So ip*>* ra— ;frft<£> 

1 oxPWMH 2*gff^3ffi:BB^>DNAC0«)?) 
ttJL imm ^l^it, SM^f^coi oxPWft 30 

[0 0 5 0] Cr e^W^Ktt»i 

.tor, Cre!)3yt^^W^Kl 

£ L< !£2 77/5?) O 1 o x P«tti:***ltDNA«* 

-MS 1 o x P«<ft£^Lftv>£#;i?>ix 

fMWTKc r eae^**i"*ae*a«e^**te, is 

[0 0 5 lj C r W<^RlCj:oTBBI*nSiaM 

#j*»9i£LK?'J<£>fco£ kitted 2 i£g>ttfi, so 
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ouxi i<7)pSRiy ^yt'^ (SWS. c e r 
e v i s i a e IH) *f#***LS. 

[0 0 4 8 J PR^^tl5^itm^V>75^ C r e / 1 o 
xP^fA»|L^e 1 oxPIt £kT(D3 4Mm 
tS:f L, 8M^^ x -t-^^oTlt ^iXTt 1 
3 b p <7)iS?^"^]^^ia^J (inverted repe 
at sequence) /^*b^£> 0 

[0 0 4 9] 

tatacgaagttat -3' 
atatgcttcaata -5* 



fc, ifi^'J 5 ' — atgtatgc — 3' 4"^> 

— #5' m<Dt&m&gizm&£ j &z>k. mKte&zti 

2E»*r£i*Cr e ^ y/^ f C i: o $ n 5 E^'J 

*|g^jc*3v^r*ijffiu5 6 ri oxpj emk-£ 

tr. _ _ 

" [0 0 5 2 ] ~«ft (»* L < J* 2 *Sf) <b 1 o x PSM£ 
(CSt^ixfeDNASStlt^N'JSfttt, £fefe#±<£> 1 o x PU 
0L^<D 1 o x V~fy^ % K^SISft^aWif AJ: "9 fcSMS 

<D^£, C r e Sr«!fti-5ae-^efc*«i»*rXKi- 
^Itia^ Cre-loxP^f^^l|IU, 

ra— (»*u<tt, 2«) ©i oxPia 

x PEW"CS5*ix^i-fe y h^f;uh7>'^7x7 
-■^Ifi^roy / J* D N A«*0— «Xli^»36 s WJI« 

^7*7— tfae^tsw^fii^iift© 1 o x pe^ji: 

/UF7 y^7x7-ifS^ : f-^>' ADN Am*$L<D— U 
Xtt±mz&m&±C?Ztilto*&W\Z<£friZ (Sa 
mbrookb, Molecular Clonin 

g:A LABORATORY MANUAL, ^3 
fig, COLD SPRING HARBORLABOR 
ATORY PRESS, 20013s 4. 82-4. 

8 5) o 

[0053] Pfis^n^^im^v^, -j&ci, ^- 
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.tor, Wi£LfcJt5<w»bixfc-by h-f/wh 

lkb-20kb, J: 9 L< I15 k b - 2 0 k b, 
ffchtft^ L<(j:l0kb-20kb S:^— -j^w 

T, MRft ttsUt>fctlL) IS^i"^** ©EM 

5ttR»H-So mm£tlZ>t>rtT'\Zte\,^^ Cre-1 

o x P y^fAMf^l^, StKtiikb-l 
OOkb, J: L< liikb-lOkb, ftt.fi 1 * 

L<ttl. 2kb-3. 5 k b <Z>* £<£>E?iJ4r 2fi^_h 
l o x Pia?iJ(cJ;oTf*tro &WmWlz}$\,^X'&j&-f 

kb) ^2^1 o x PT*©Etf»i£<t Lfco 20 
[0 0 5 4] y =i ^tf^— *«ftE3*J4rJlfi*&^tfaaE 

-fe y >v^u s h^f^h^v^^^^ — -tf jte^af a s 

FlJ^Li^> rfcEK^P Bluscript (Stratag 
e n e *±JK) > pZErO 1. 1 (Invitrog 
e ntt) x pGEM- 1 (Promegaft) «J&SflWH 

[0055] *^6M^*fe«, y = > tr*— *«sweju so 

(ESW) SrJMHElfcU ffiRJiaifcAft^lSS-a:*. 

5^*Jtr5wi3fiSH*Lt\ Hill fBmtt*;l#<0 

(l) * — J^-f v^^^- icj; 

yuo>js— y— ^tr (2) i&b 

Z 1 ^ 5 D N A U^cO^r McO 

y— 2Iglc«J; ^9 r £ Li\> Vt 



S<7)IgT^6/:fe, 3te-?-DNA*s*A*ixfcjNBIS«> 

[0 0 5 7] ^v^r^ ^SSUffl-^-^-ag^-i: LT 
12, is >-M&fc&* (G4 1 8 [ClJzoTil 

*J) „ islsB&Xfc y=7>7s7 ^y—H 

(BPH) itte^P (W^DWy>-Bl;J:oTI 
[0 0 5 8] ^^^^JSiJ^fi, *ftRna»*.«:*i: 

sat^fiv^^ ^jjbl^s. tB[Ri*aiftx.^tBi^« 

A©S*»-e*i:5. ^^^^ilS'Ji^ADNAcD— 
IJifcfi^/l^;* ^^T (HSV) v^^r^—fef 

(tk) it^ N y7fyriiA77^yh (dt 

-A) *e^*«^**S*asfc&jh/C^5 0 fflfl&rtffi 

\±<D^* i/l/^-f—H (TK) fritL, HSV^OT 
Kli, «t «9S5*^F I AU, Jf^'V-'tfvtfT 

mmufc&v >m<k-tZa t k»n±, ^tsiRiasm^-t 5 

HSV t kite^s*ASttSi: F I AUiiftt^ 

m^sy y^^tirM^DNAtc^^jAt 
DT-Ait aart-ewftGa^ 1 1 ^ P o 1 y adp y 

t^pol yAlgiJ^i^Wt, iP^bpo 1 yAtt 

[0059] Esiiate^-cttv^aetti^s^o^ 

— ^ — i L-Cfi*.x*^y-fe y >k=^^— tf- 1 (pg 

K-l) 7°n^-^- #*H J ?-2 (EF-2) 
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ft, -jtt^tt^n^t— ^r — Ji3j|^-Cfc6liirj:t^ t£o 
fcrtfU *^-r ^31»Jffl(CDT-ASrfflv^S»-frtt, 

[0 0 6 0] ^ — iiittLfcaK^— 5te 

^•12, fctili*t^ ^^Wttiie^^-fey h (ne 
o^iry K P KJ2i: LtM) > O 
B^^t^ ^7^7x7- ifiHB^-#1r;y h (hph# 10 

3/ K pMCtkatft^) > ^7f!i7§iAag 
^-mK-h^V Y (DT-A^ir^, pMCDT-A^ 
f:(ipMC 1 DTApAd: LTft4) , 1 a c Z Ig^f- 
h («*.tf, p B S 1 a c Z £ LtM) ft £T 

^ai^HtS^J^Ji, Nakano et al.,Eu 20 
r J Neurosci 1999 Jul ; 11 
(7) : 2577-81 KKtfctf):/ 7 * ^ K 1 o x P- 
f 1 anked-pGK-neo) 

G K-n e o 0r>}\ 3fetNC- S KpMC 1 DTA 

pA (Yagi et a 1 . , 1 9 9 3 ; An a 1 . 
Biochem. 214 ; 7 7-8 6) (*BE;*C^jNB 
flS£f£X^-fe>*- A^MiDAfW 
f;MC 1 DTA p AWr>t4:ffiffl L/c G 
[0 0 6 1 ] L< #^7^ r/aSUffl* 30 
^WJffl ©EM (fiF&i- 6 tt* <D :/ o ^~ * — 

A£i±& 0 

[0 0 6 2] ^-77^ ^-<^ * — ^— >f*T4\/# 
EJ!K !P*>aK^-<^aia«fflEM**&tr»'&, ^—^r 

^J^#A*tLTt^„ ^^7^f :/aJ5'J/BE?UflS85ofc£ 

= >f a y ^ 7 h 40 
»*iii3^T, L c b 2itfc^<Z)k<7)cD^m£}f£L£ 

EMSrl&fefrDNA^bfiiJIft-rsxSSr^tfo *#t^ 
"C ft ^ # , jfi isr A ^aWJffiEM Sr 2 CO R]— *|Sl © 

y =i>it*-^iswejij-c^-v?^— so 
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t5fc*^l:^^tii, ^Sico T6. tfv^-fT/il 

[0 0 6 3] $ btwflJfflnT^ftaS'Ji: LTfi, 7°a^~ 
* — aSU* po 1 yAlSili^^ntl^c 7** 

5o po 1 y Aas'jii> #*JT4 ymmmmfc* 

Cpol yAftt^^^^ftf, tBI^»*^L^fir 
of:W:©Wtlg^po 1 yAffl'>^^J 

mxzzx 5"***— *rKWU rnt-«t «9^tii^«asi 

[0 0 6 4] mjiB L^BtSaWSMXtZ/Xttfia^rSW 
[d, ^7-f >=/HHt*rt©— ttXIi^WSr'FS^L^:, 

h 7 >^ 7 1 7 — ^le^oy / ^ D N AS«(Q-aX 

[0 0 6 5] 3. ^--yf^ 

^^SfflU, tBIS!»Slx.*fi : 5o *«Wlc:*5i^T 

riry^/^yu^: y^jv h7^7x7- -tfite^-cDtBfRi 

«asix. j t li-LeafcaE-fe y ^ f^;^7^7x 

[0 0 6 6] gFf»!©5te^-<Offl|i]*£^X^gr 

oTBttt-T<5*BHiajftAf*:Sr»-5fcfttctt, S»Jii 
0 6 J^±co^J5S^*E^x.^^tf 5 *K '>ft< 

n v i t r oT'iSit^:^^K«^Sfflt6 
^^M^rLT, JEtt»*BJia (ES«) SrfflV^S* 
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I 0 0 6 7 ] SffiftASftTl^ae^*— 

[oo6 8] ae-T-es:«^^^f^»ffl«>E sffliattttu 

BE#<©»fi*n/tESJa§atft3&SA*RT«B-efcf9, L 10 
I4, TT2SMS, AB-lfc J 1 RliBBfi, 

ei 4. 1MB, Rw~4«^^^ e ae^s^ 

1 2 9 S V J t£&3fcU eijifl An d r a s 20 
Nagy, Samuel Lunenfeld Re 
search Institute, Mount S 
inai Hospital, (600 Unive 
rsity Avenue, TrontoM5G IX 
5 Ontario, Canada) X <0 A3^b£T*£> 

[0 0 6 9] MiE2<^-ef#KLfc, ir y h-Y 

^-yr>f >^<** — *E SiNBIS^^WA-fSo -tL 30 
7^7— \fmm^-<DSfS ADNAIS?IJ£\ ^-^7^ 

h>r a- h 7 ^7j^' ^I6f©yy ^dnaie^j 
[0070] &e s»asri«A 

-T5^^<h iTii, h P # ^ 3 yy| 40 

(N akano et a 1 . , Eur J Neu 
rosci 1999Jul ; 1 1 (7) : 2 5 7 7- 

[0 0 7 1 ] 4. ffl|^S»;tfe<P;*g y-~>^ 



^r^ym c *LTES#*»*-TN tii^a** 
laoTESWi^A^n/c^yf^yi™^^* 

T, fciitt+t^ (G418, GIBCO 

B R L) i/>~B (C a 1 b i o c h e 

m) a*££*xT^5. l«««6-8 0li:tfft53 

[0 0 7 2] p-^^7^U *f*B£i*r 

5o -t^a, iw^tstyw^; h^;^7^7 

fc«>, JR-ai»(D^^ y-^Vi/$:tT^ rt3&st?#S. 
S-M^^y-^^^l DNAU^flfttt 

[0 0 7 3] **9BJC*3^"C'tt, £-f\ 

y — =>^icj: osrasnfck s'mm? v—xDy—su 

A^ilM<?r LT PCR^^rfT^ E SMSfco^ 

Til ©Pgr^O^^ y-^^^^-TSo r^PCRMffl 

[0 0 7 4] PCR^^^-ll V—f'T^ >-^lC «fc 
t? Ift^tsy/^DNASiti^ttwIgfCJ:?) 
r J: 9 a*Wl:*B-C# 5 

«Jb£lcK3£U #A«ffi«r**-r«ri:3aS'C#SJ:5 

IT 5 * «^7^^-U3/l 0 5, LT 3 ' WJ 

7 9 7^'7-pGK- 1 ^LTPCR^-f^-^ L 

[0 0 7 5] ? V — ^>^^^^T N ES 
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KJcWraaSlA^fi r o tz r £ Sr J: B jEWKttBi"* ^ 
[0 0 7 6] :n&^n- ^Sr^Oj: 3KRH-J-aa> 
1^TI4, /n-^irlt, V J J* 9 & — ^^M'M.MWm 

[0077] y^>r t*e sfflJS£fl5Ifte 

SS5J«fJ4, «x.li. Robertson E . 30 
J. (1987) inTeratocarcino 
mas and embryonic stemcel 
Is — a practical approach, 

ed. Robertson, E. J. ( I R 
L Press, Oxford), pp. 10 8 — 

1 1 2#^ta«^^D^ffi^fflv^TtT9 r k&X*% 

[0 0 7 8] 5. ^fty h^;Uh7y^7x 40 

8*iB/ia^*fci4jKttfl&^jKrti^tt-t"So :^Esaifi 

^«E£ ««^K*<7^« CMLTti]I$t?):i: 

b (KO) »4fc<4, a&*«-^^^«-o^T^RS*t"C 
1^5, LA^L^Wlwfl^^ibfeKrov>T§3fS^P^^I4 

Eoate^-iau! *a«*sfltffl -c # s m \z a o it^c: 

{4, *n-pjx©»«(zot^-ct^ffl'rsr.t3as-e#ao 
[0079] e saaasriErt^^tai-ssrjfe^ itii, so 



a > (ft*) j£ Kondoh et a 

1. , 1 9 9 9, J- Biochem. Biop 

hys. Methods, 39, 137-142 \Z 

-^**o4§<g\ £"f* ^/^>9J (fcix.^ FSHi 
ftm&G-tZi PMSGiSil/LHfPfflJrttShCG?: 

»^f)2.- 5 Etttt«r/fl^*»frl-J4aHW»& 
3 . 5 0 11:, ■t^-€ p ix J f-S , A»e>?OJIIlJB^E«:lHliR-r 
£ D Z\<DX 5^IsI4RL^:E^#L-C, y^-fV^ 

i t r oHM^aAl, 9Bt^U!t5, 

[0 0 8 0] — ^> iSa^-t*5^i«>C0«tt<K«l^l>^ 

14, jE»tt«J«o«l^^^*r, »*»*3icif^J:!?*» 
J;9^^7»««rf^«li-Swi:ds-C#a. ^E<^* 

v\ . : 

[0 0 8 1] Z(D X 0 t£*r* *<D*$frh, ESU 

mxmmzE smf&mm<DW^&ti*%itiz>z\k\z& 9, 

5, ESW4M?ihiA$ti 

^ £ ( a g o u t i ) , (black) , H±fe 

(c innamon) , 3 =1 U — hfe(chocol 
ate) , *3<tt/efe (TA-fcV. albino) CO^ 

I«t-5Ii:«#S. «)JxLli*|gW^*5V^-C«4, 
X^fe (agouti) (129v^) ft^E 

*1ttftKi?«)*^fe^l!P*X*fe (a g o u t i ) Tfe 

rt $ TxtzmkTL e s ^Bjia^^m^^j ics»a s h/l 
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So 

[ 0 0 8 2] — fe(-H^tb^)^ffl^T^1-5^^^ 

* 5 1 <£> fc. lilg M «* * *-T 5 h <o £¥U 

[0 0 8 3] KO-^#;*3:$tj\ ae^efc3^ * *<0fE 



fd/Bi^s-^ i>^jism#*siBa:»«-r* n * a*-c# s e 

tfflt^r LTCt, ffMBALB' 30 

/c, C57BL/6, DBA 11, ICR&JfdS&lf 

X «9ML£iS£rfT? £fti^3Ul asa^&*S*a* 

[0 0 8 4] ^60 J: 9 Cltibixf: U :n >lf* — 
MEJUfc^frefc^ir y w^u^ h^/vh7^7x7- 

K ufci**#»wat//xw:ia«t»jitt^ y = > if 

^^W^f^StS y ^yt'^-^MSe^ 40 
Ifc^££IS£i±-£::<t icJioT, i?y h^T^h 

[0 0 8 5] 6 . ^vr j g^g!fflEg!l^M^ 



rv>5o #^-r^a8iJfflEWds»ofe**-CI4, a**- 

l c b 2ae^^t6o^m*tssL$ j ^5, w» 

^^-f^a»JfflEJiJ^*feffDNA^e>B"J|»"rSXS«: 
[0 0 8 6] sK^-r ^aiBUffi^EyOoBiJBftt**^^- 

^^gatrji^Lfcy =>tr*— **w^«/y 

if*— ^«WEJiJ^7-A4r*Jffli-S r tmSo «t 

— K:fe^T#^7 L ^:/jSSUfflE^J£ 2m<om— J5fc\<DV 
3>lf*— ^«ttE5U-C*A/-C***, rttSrJftfefry 

ae-^efe^tM&sr* y =i>e*-^^ w^^s^m-r 

SlRia^ftifeiSfES-arSr ^tcio-C, y=i>-fc'*— 

[0 0 8 7] *ffWft*Sfe»H, 0H*.tf D y n e c k 
i, S. M. (2 0 0 0, Gene Target 
ing — a practical approac 
h, 2nd edition, ed. Joyn 
er, A. L. (Oxford Univ. Pr 
ess), pp. 68-73) [Cf5*c £*lTl^5 0 

[0 0 8 8] toita*fi4*tt©lot LTIi, 

>< yii^fflia^j^r^^iA^ y = > k-*— ^iwejij 

^> Sttyy/^; F^/>h7^7x7 k -fIg^ 

\cm\<^tzv =^if*-^8iWE?u^*isij^y =»>if*- 
y n > tr*-^ sr^a-t-sae^ekaEHi* ^ s»t s r 

7x7- ifae^-^^^^y t77- ^s*^ i ox p 

^-r^aiRfflEW^tSrBUISft-C**. ^^<irt, f 1 

pji i ox pjcf^ffl-c#*t^*t^, efe^i? y 

K^h7^7x7 — tfae^ s tit* t \ 

[0 0 8 9] :ni:»U *W*B#-c«i£i-£!tJE«2 

-Cf^Lf-^— "fr^Oif^^ — li, 2ocoy 
*-^«»E?ll"C^^^^aiRfflEM«r**, S bt- 
fp]^^ h 0 1 ocd !Jn> if *— J*«WE?U"Cir y >/</u 
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» ztk/vtz. r3 y ayif*-^aiwsMaj rfcs 0 

XI* E sttlfiKiis^r 5 y = vtr*— ^4:K^W 

[0 0 9 0] *W#ffl»^Hlf£CT6T'fi, Lak 

so, M. et a 1. , 1 9 9 6, Proc. N 10 
atl.Acad. Sci. USA, 93, 58 
6 0- 5 8 6 StCiEffcGDE I I a C r e h ^ 

ry^** (Wilt #BBffl*£W«Bf (N I H) 

(USA) (OH eimer Wastphal W±J: 9 
A#pTH6) ^^L/i 0 EI I a C r e h^>*v^~ 

[0091] EI I aCre V =7 Is a.— ??-* V* 

te^mmmRut^fLb&mm^^^xhc r e y ayir 20 

£ £*XT^£ (Lak so, M. 

etal., 1996, Proc. Natl . 

Acad. Sci. USA, JtlS) . L^Lfttf* 
<b, I^l:2o« 1 oxP (f 1 ox) £-atf^^ 
^^la^-yr^Jemmbti^^tt (Fl) tli2o^l o 

F 1 k&£.m&&&£ltX'&btLs ^OE I I a C r e 

^J®Pfll-*5i/>rt>*:£ < »fc5fc%x.fc;h,r^* 30 

^-*) o f"3 y n>t^— ^wwsLyua o 1 ox 

pm) J o*frl*, Wx.tfr<7?ttK*#iJffltT, EI I 

a C r e h 9 =■ > ^ 9 * £ 3£Ei~5 w i: "C^ 

[0 0 9 2] * #S^^»WJJBEMOlM»^ 
•fey w^/v^ h^;i/h7^7x7-fie : fW= 3 y7 
y =i>fc^— ^il^^^ir y w^i^ h^;i/h7>^7 40 

v\ J: or, »*L<tt, 33B*fror»e>iifcJS— 1± 

ft (Fl) ©II5Wl-7^^^I^r)7i:Il 
SEL, tit, »2ifi:« (F2) K*3V*r, 
y«53UfflE^J^BiJI»SKrfiFfiE-fr-f, a>o, ^yt^ 

-*affi^*#L^^°*^**»*-t-a. 

v^^ng^ft^jgJRf*, ±IE4 3S<^^^ y — 
[0 0 9 3] *fc, #^r--f ^aigUfflEM**]!**^ so 
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[0094] fesiMi, ^^^^as'JffliayycoH'Ji* 
ft sji5 4 ^*5t^r»e>tL^tsi^i«asix.sn^:E saajis 

t*sr*So 

[0 0 9 5] M:$f*> Wx.i^D y n e c k i , S . 
M. (2 0 0 0, Gene Targeting - 
a practical approach, 2nd 

edition, ed. Joyner, A. 
L. (Oxford Univ. Press), 
pp. 6 8 - 7 3) i^8E0c^ttrv^ o WTfi, &\^t 
LrTaniguchi, M ^(Nucleic 
Acids Res. 1998 Jan 1 5 ; 26 

(2) : 6 7 9- 8 0. ) fcl|e*S*Lr^*. 

[0 0 9 6] ^fcwici*, 3 y 3 > tf*— *«ttE?ffl 

(3 i o x pa) (d&^e sm&iz. s m$i^—# 

-i:LTtV-D-7/i'v'yN-7irf;«ii (fc°^ 

— tz-^>f i/ySttie^) ^t)OCreM^^- 
(pCre-pac) ttftOHttftl 3 "C^tf 6 «t 5 

te^mx MwmA-t 5 c « , tf»J x. tf 2 0 IB 

iliR-T^o #C^r% PCR^ 1MF>^n ivf 5 "^ >^5fe 
[0 0 9 7] 7. -fe y >y^5 h s y — 

#:^r% ^riaamT-arXidft*, BWHWWftXtf/xt* 

[0 0 9 8] y=iyt^^y/^I§*ll #t-ffl 
# *tt ^ * ft ^ «> , ^pffl t>VX (4 

[0 0 9 9] M^(4> WtlfD y n e c k i , S. 
M. b (2 0 0 0, Gene Targeting 

— a practical approach, 2n 
dedition, ed. Joyner, A. 
L. (Oxford Univ. Press), 
pp. 7 5-8 1) t^sSttSftrt^o 

[0 10 0] -jKW^Ii, ftMftmtftRTf/Xltimft 
»»li«aSrpri6i:i-5^o^~^-EMIw!; =*>-fcf* 
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u iaaftBkacEsjBjiataiwmu, -tn^&ae^ac 

[oioi] ^7^^^ s^fetey ^/^>r ^ffiKj* 

t nnkaa^^ft < j: r> aa^ae^ 
[0102] *>s^tt, i»jm»»«jat//xttaj««f» 

fc6 0 WdC r e - 1 o x P *>*^^tCOV>Tfi?Jr$Eas 
i"i-A/-et^5 0 ^<p^< f3\ Samuel Lunen 
feld Research Institute (M 
ount SinaiHospital, Toron 
t , Ontario, Canada) <£> A n d r a 
s Nag y WdtCD* — i? (h t t p : //ww 

* 

w. mshri. on. c a / n a g y /) fCTftH;fr £ 

[0103] *W»»©ltlllS«-C«ffl LfcC r 

e &&&<D&X*&g i &}iC&$L-f K 5-CreTgh^ 30 

i"S 1 c k-C r e h 7 >^ ^ ^ — jy ^ £ * te> 

$ bi-, c r e *r#aj»ia#»ttf-*ai-**^^^ 

(ne s t i n) — Cr e ^V^^i-i/^ 1 )^, 
B «Wa#»W^*ai-* CDl 9-Cr e h7^i?x 

[0104] ^tzv =« *«aaeT-afcMM*0> 40 

ttti it, y 3fc^M^^^-ti< jay = f 

Kfi&ff^&tf^-T 1 ^ ^yu«E, Little 

[0105] ±ie^»»sw&t//x«»i»4**wi-y 
y =x>tr*— ^«WEMt*tpttK-fey h so 



itLfci: ptc-ty h^yu fe?a 

5RrtBtt* $ Hv\ ctoT, ^fy ayir*- *3£3iae 

^^IlftT^oT, ir y W*/U^ h7^^7x 
7 — "tf it & — X n Otftfig Tjfc ffc L it 51 e-?- & ^ W}%0 

*K&1rttfe*&mhm («*tf, E I I a - C r e 
h^^v/x^y^^j;^, C AG-C r e h 7 

7b> *J8W^y =1 >-tr-*— *«toEJiJ£r<&irefc2E-fe: y >- 
^ft^O^^^^^f^^p^ft: (»*L<I* 

^7^7x7 — tfiHE^&^-r p ©ttft-c^* LTV > 
[0107] fc^v^li. ir y y^/u; h>r^ h 9 

tcio^r^, m&wny =>tr*— ^«WE?U*r*tfac 
v\ ^to^y j/^ri? hitef a3E»*^l!©fc«>^ 

[0108] ftt^-e, ty h-r/u h^>^^ai 

titz, y a^ir*— *«ttE^**4*afc*-fe y 

*#twft*-ray =^ir*-^«WEM«r*tfat« 

iry>-/</u^ h^;uh7y^7x7— tfae^^^rt-s 

?lt5rit:J:^ ty>^/^; h^;vh7^7x7 
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[0 10 9] *38Wlc*5*tSSt*r4, »ft*»t- 

[0 110] 

[0111] ^7^>=f|BK***««B*r«# 

■«7) o 

• [0112] >=fjmt^fisaM6**&« 

"C fc Jt-< T '> * ^ r t £ tl ( 3£JS 

0ij8) 0 ^LT, 4 51»*-CtC^T5Et:L-C U*ofc 0 

[0 113] £ fcfc, v^BBKflfe*fiK«MB*rTj|B 

[oi i4] x7-<>^mK, #i:^>^y^>K (* 

$4ii5JlBfi:tt»g$ntv^„ *<rcfflj5jct4#**g 

*LS^7^ v^BK4^rt*ie**#Sa»»*Wl^ 
*S-frfc5te : f-Bk*i*»L»»J4, ifi¥i»Ba s *LiMB* 



l. ra^^i:^ hj 3§#b* «BflSx*£ vo 

1. 18, No. 8, 1999, p. 1155-116 
1 ; 

2. r T J»65iSS^*'y ^ t ^eii:*3 ^577 h 
<a«:»lj gcfflfc, «&« «Bfe Vol. 4 5, 

No. 1 1 (2 0 0 0), p. 1 8 1 2- 1 8 2 2 e 
[0115] 3. Journal of Biolo 
gical Chemistry, Vol. 267, 1 
10 992, p. 23527-23533 

4. H a n a d a , K et a 1 . , Journ 
al of Biological Chemistr 
y, Vol. 272 (51), 1997, p. 321 
08-32114 

5 . N a g i e c , M. M. e t a 1 . , G e n 
e 1996 Oct24;177 (1-2) : 2 3 7 
- 4 1 

rs?— ^"T^-f iswmm&ffl} (2000^, m 
20 ±tt) ^yfVyaW-yT^y^p. 115- 

12 0 

7. /Mt^a7^y!)-X8 r^-y^-yr 
-ESU^ffll^fl-v^^^S (19 9 
5 ^ ^±tt) p . 7 1-77) 
-8. Sambrook^>, Molecular CI 
oning:A LABORATORY MANUA 
L, I3)S, COLD SPRING HARBOR 
LABORATORY PRESS, 2 0 0 l¥, 4. 
8 2-4. 85 

30 9. Nakano et a 1 . , E u r J Ne 
urosci 1999 Jul; 11 (7) : 257 
7-81 

10. Yagi et a 1. , 1 9 9 3 ;Ana 
1. Biochem. 214 ; 77-86 

11. Robertson E. J. (198 
7) in Teratocarcinomas an 
d embryonic stem cells — a 
practical approach, ed. R 
obertson, E. J. (IRL Pres 

40 s, Oxford), pp. 108-112 

12. Kondoh et al., 1999, 

J. Biochem. Biophys. Meth 
ods, 39, 137-142 

13. Dynecki, S. M. et al.,2 
000, Gene Targeting — a pra 
ctical approach, 2ndediti 
on, ed. Joyner, A. L. (Oxf 
ord Univ. Press), pp. 68 — 7 
3 

50 14. Lakso, M. et a 1. , 199 
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6, Proc. Natl. Acad. Sci. US 
A, 93, 5860-5865 

15. Taniguchi, M £k Nuclei 
c Acids Res. 1998 Jan 15; 
26 (2) : 679-80 

16. Dynecki, S . M. e t a 1 . , 2 
0 0 0, GeneTargeting — a pra 
ctical approach, 2ndediti 
on, ed. Joyner, A. L. (Oxf 
ordUniv. Press), pp. 75 — 81 10 

17. Osuka, S. et a 1 . , C y t o g 
enet CellGenet 1 9 9 8 ; 8 2 (3~ 
4) : 2 2 2 - 3 

18. Nagy et a 1 . , l993;Pro 
c. Natl. Acad. Sci. USA, 90 ; 84 
2 4-8428 

19. Taniuchi et a 1, , EMBO 
J. 1995 14:3664-3678 

2 0 . *&«WT*flii* (1 9 9 9) , 7P-t^f h> h 

y-g&ga^ osjHtt) PP 3-i3 20 

[0116] 

immm ^mmzx^x^w&zm^tztK 

[0 117] MMM 1 v^Lcb2 igfcT-O^ g V 

ST^^L c b 2 ^W^f(Dil7 * yREJl (N 
agiec,M. M. et al.,Gene 199 30 
6 Oct 24; 177 (1-2) : 2 3 7 -4 1) 
Sra-KtScDNA (ffi^J## : 2) 
=?4 -k^^HSfciJ: >9 32 P-dCTPSSETt7^/H 
7t 0 rti^r^D— U 129SVJ-7^^>rV^7 

[0 118] Btt77-^ o->-^SJR8«*«JWa5fi[ 

COL c b 2iteT-t^^fe^DNAl^jt (Lcb2-A, 
Lcb2-B) ^ti077^t:-y (A, B) £5 ft 
btltz 0 Lc b 2-AidJ:r;Lc b 40 
HI * 13 3 HIBJRi-So 
[0119] •7')7(DLcb2 ^>/^g£=r — K-t*5 
cDNA^t6Si£JUIi^ftlT*fc*9, ^J^li^, Gene 
bank accession No. U2 7 4 5 5IZ 
BB^StLT^S (SEJU#-5§- : 2) 0 Lcb2-Aiix^ 
V>2 (I^liif 2 CO c D N ACOlI 14 8^^134 
2iZftm) <Ofr&$tf±&mi 2. 6kb<3D#rfi\ Lc 
b2-Blix^yy3 (cDNA©fiS3 4 3*t>L4 
9 7twtgS) > 4 (cDNA©8S4 9 84^L64 
6) , 5 (c DNA<£>fig6 4 74l>L77l) , 6 50 



(cDNA©aS7 7 2*V>L8 6 5) 

1 3 k b^Wr^-C&o^o 

[0120] r©5tftfi*DNA»rfi-Lcb2-Bt 
LT F ISH (fluorescence 

in situ hybridization) £r?To 
fc„ *rtf)iB*, v L c b 2 ae^jJS 1 2#»fe*© 
EStftlc^aE-f* 1 v ) 1 t-Wifift^ 

5^ iriftSflfcBSttfc. (O s u k a, S. et a 

1., Cytogenet Cell Genet 1 
9 9 8 ; 8 2 (3 -4) : 2 2 2- 3) 0 

[0121] mmm 2 is?^?*— <pfNK 

IU4iC^Lfc^fBStc»oT, Z—f'T'i — 

1) pBS-Lcb2B (1) f loxed pGK- 
n e o (Dfttfi 

Mie^r — ^^n — VB J; 9DNA3rJSfcBU No t I 
-CSJWfSL l %T#o— *y^«»»tb£fn\ Lcb 

2 - B (ftl3kb) SrlsUSU rMN o t I "t?«J»f 
Lfc^U'pBluescr ipt II KS + 

(StratageneJiffl t T 4 V jf — £r^l N T 
SS^^it, «lDH5a (TOYOBO^J; «9 A^*T 
OB) ^MfefeLT7°7^; K TpBS-Lc b 2Bj 

fcftfco * 

[0122] fftmzfyx * KpBS-Lcb2 B^No 
tltXhoITWU- 1 %T^cr— ^y/U«SC8cft 
^tTo/- 0 &J5 k b rifflS^SDNAWJtSrlEliRU N 
o t I iXho I XtyWrLtzy"?** KpBluesc 
ript II KS+(Stratagene ttjg) 

t^IiDH5aWS6»L, /7^;K TpBS 

- L c b 2 B ( 1 ) j £ftfc e 

[0 12 3] — *, ^7^ ^ K 1 oxP-f 1 anke 
d — pGK- neo (Nakanoet a 1 . , Eu 
r J Neurosci 1999 Jul ; 1 1 

(7) : 2577-81) 

tffflfl — «t 5 A^Plfig) ^NotIt«U T4D 

NA^y * 7— tf«:»v^T5p»5K»^bLfc. ftt^-e. 1 

%T#n— *^U«a»ft£fTV\ pGK-neoM 
h^J i o x Pt*tt*nfcS»l:ttSt5, «§2. 

3 k bcODNAWf^SrlsIiteL^ip ^nSrHufE^^ ^ ^ K 
pBS-Lcb2B (1) HcoO109I "C^OSfr 

OiT4y^-lfS:ffi^t8*Lfc e &l^T% mSrffl 
^T»iDH5aM^l, 7 P 7^;K TpBS 

— L c b 2 B (1) f loxed pGK-neoJ £ 

[0 12 4] fib, Z<Djjmx&p GK-n e o 5^3. 
= S/hdSpBS-Lcb2B (1) f loxed pG 
K-n e oizM Lt^fS]|;A5^tt^fc5 0 HI* [6] 
(Ct?A£*lfc<b<Df;£E c o R I -CSJBrLfci # 4 . 3 
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k bl:taat5DNA77^ y h^S^So ZZX* 

mmx*m<btitz7 , 7x ^ k*e c o r i t*wh % 

*#e>ftfck<£>& p B S- L c b 2 B (1) floxed 
pGK~n e o t LT. £U*ttfl3 Lfco 
[0125] 2) pBS-Lcb2B (2) 1 o x P <D 

{ft* 

pBluescript II K S + 2rH i n d I I 

T4 y#— gSrfflt^Ttt'S'Lrtio Jfct^ m^ffl^T 
MiDH5a^SfeftL, /7^;KpBKS (H 

i n d I I I (-) ) «r»fc. 
[0 12 6] 1) ©lStt»f)W:^7^^ KpBS 

1 o x P JiSt (8E?"J#-*§- : 4 ) : 

HindHI 

(EcoT22I) 

5* - ataacttcgtataatgtatgctatacgaagttat aagcttgca-3' 
3* -acgt tattgaagcatattacatacgatatgcttcaata ttcga-5' 
(EcoT22I) 1 o x P 

1 o x P TM (ifi^J## : 5 ) : 

-=Er^, ffi#£5 ^Ml:/i6J: 5*&U 9 5^ 20 



36 

— L c b 2 B (1) ^EcoRVMXhoIT'Ml 
tz 0 «]»SiC*«rl%r^o-^y^**»»L, ft 
1. 9 k bl£tlSi-5DNAWJt£0iRL;fco ^i£DN 
A»Jir£. Ec oRV^Xho I-CML^E^^ 
;KpBKS (H i n d I I I (-) ) t T 4 y if 

tetfeLT:^;* SK r p BS-Lcb2B (2) J Sr» 

[0 12 7] ^^(^1/5 2 0^^7^-7-^ 
Si T4 DNA^rt-t'ia V ZtiZftitD 5 ' miffi 

[0128] 

[ft: 2] 



©«li»»iB-e#'&Lr-&*2*«DNA ri ox p- 

Hindlll (EcoT22I)j ^MLf: 0 1 o 

xP-Hindl I I (EcoT22I) it ^1:3 

4tt*IE?iJA*fc4* 1 o x PIB^IJ (T^S|5#) 

3 ' *«{RlJiCH i n d I I I mmUtfL ( a a g c t 

t ) . ^fc^iffl^JiE c o T 2 2 I (N s i I ) ^3^fr 

«wcffis-rs4ttai (t g c a) A^ftsjiuj***: 

[01 29] huIE^^^ ;KpBS-Lcb2B 

(2) ^EcoT22IT«U l%T#o— 

mm^^^ToTto 5 k bizm^-tZ'^ 

mtcStriE2*^^:DNA r l o x P-H i n d I I 

I (EcoT22I) J £T4y tf £rJBt ^TiB^ £ 
U ^7 K CpBS-Lc b 2B (2) loxPj 

[01 30) {I.U r cO^^T*(^ 1 o x P-H i n d I 

II (E c o T 2 2 I ) 7^#filC7^ojii - j£*|njl^ff A 
$tl5o pBS-Lcb2B (2) 1 o x P CO^SIfi^iJ 

loxP-Hindl I I (E c o 
T 2 2 I ) yfrS— OCD^HS^IrJ (gp*>, Hindi I I *S 
P BS-Lcb2B (2) ft<D L c b 2 iHS^TflftlC 

[0131] 3) ^7^ ^ KLc b 2TV3DTApA 

1) T'(MLf:/7^^ KpBS-Lcb2B (l) f 
loxed pGK-neo^Xbal^Ndel "C#J 



»rU l%T#n— *y/u«ft»tb«rfTi\ «4. 8k 
b iOD N AKS^rlsIiR Lfc 0 " ff l\ 2) "C 
MLf^^^^ KpBS-Lcb2B (2) loxP 
trNd el^XhoI tJ9JWrLJWl ...7 k b^DNAi 

K&mtia &tz, i) raittll^^^U'p 

BS-Lcb2B (1) ^XholUsp718K' 
MLT^Skb^DNA^^ ^1X7^7^^ Kp 
Bluescript II KS+£Asp7l8I 
30 irXba I X*ms k b<Z)DNA»rfrSriaKLto ^1:: 
tt^4 0<Z)DNA|ff>T-^T 4 y if£/8^T;S^£ 
ii\ »iDH5 o*»Jt6*Lt^7^5 K TLcb 
2 TV 3 J &ntz 0 

[0132] — Zf9* $ KpMC 1 DTA p A (Y 
agi et al.,1993;Anal.Bioc 
hem. 214 ; 7 7- 8 6) CfcBR** *ffiJ3&£# 
X^ir>^— A*«»SJ:f9A^) ^NotltM 
«L T4DNAiKy ^ 7— V&m^^XW-ffijfcjffiitLtZo 
7X1^. XhoICtMUo S6i::i%T;tfn — *y 
40 3kbl:«at5DNA»fM 

TMClDTApAj tt5 0 

[0133] ft CI, JBUi£:/7* S FpBluescri 
pt II KS + ^Asp718IT«T4DN 
AtfD ^7— tf*ffl^T¥»*flBfl:Lfc. Rfc* Xho 

3. 0 k b dtgig-f^DN A^>t^{HHlXLfc 0 :n*lt 
ISMC lDTA P Ai:T4 y if Srffl^T*^ £-t*\ 
^lS^fi^LT7 P 7^^ K TpBS/MClDT 

ApAj £#*: 0 
so [0134] m^y*?* ;KLcb2TV3i:7 f '7^; 
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KpB S/MC 1 D T A p A s p 7 1 8 I "C^O 

iiT4DNA^U ^ 9— i**ffl^T^»3fc*BftU & 
CNo t ICTWLfCe $ <b(- 1 %Ttft2 — xsf^m 
MflcK)£fTt/\ ^*L^lJfa4. 2kbtftll. 5k b 

^ K l"L c b 2TV3DTApAj £*#fc 0 J&L» % 

* ^ K TLcb2TV3DTApAj ^Lcb2/^ 
T^h (KO) Mffl^-yr>f LTtt 
fflLfco 10 

[01 35] 3 E saBBS^cPg — ygLd! 

E SSB/att, Nagy et a 1 . , 1 9 9 3 ; P r 
oc. Natl. Acad. Sci. USA, 90 ; 8 
424-8428 dEft^R 1 *BJ9S (A n t r a s N 
a g y , Samuel Lunenfeld Rese 
arch Institute, Mount Sin 
ai Hospital, (600Universi 
ty Avenue, TrontoMSG 1X5) 

te, ±t 3 7t©5%C02»*g*fffofc 8 
[0136] 20%FBS (Fetal Bovine 
Serum: £ ^tei^jfilfS, Life T e c hit 
) 2kt)< 1 0 0 0 *ffi/m 1 C0m LIF ( 1 e u k o c 
yte inhibitory factor) (Sdb 

* : E S G R O ) (C h e m i c o n tfcjg) £ 

(Life Techtt^) (J£TF, rESMij £ 
S3) Tll^LTl/^RlMl^t, jtJ6« 2 -CfPJSK 
LfcL c b 2KO^-yf^y^ ^— ( Tl c b 2 30 
T V 3 D T A p A J ) £NotI T'^O^f Lfc t <Z)£r 2 0 
M gffifflU xu^ hD^U-y 3 (Na k a n o 

et a 1 . , Eur J Neurosci 1 
999 Jul ; 1 1 (7) : 2 5 7 7-81) HJ;'? 

[0 13 7] ^frWl-ti* Fo^l/-v/3 v£rH 

^#> x xi/^ hp^u-v'syffl^ (20mM HE 
PES, pH7. 05, 1 3 7mM NaCl, 5 m 
M KC1, 0. 7mMNa2HP04, 6mM 7* 40 
*Xbv-x) X'&cfrLtz* 10 7 fi(DRl»^, N 
o t I vmWti£Ltz2 0 u g^^Vf^^^ 
— Tl c b 2 T V 3 DT A p AJ irO. 8ml Wxl/^ 

>ffl3f hCO^T^LfCo t^mB i o - R a 

d GenePulser #7 y KthK) Srffiffl 

LT X 2 4 0V. 5 0 

[0138] lOmlOES fflJS«6ICffil»&, Soffit 
(CJ: 19 E SJBWaSrlHlJRL, 6m 1 <7)E SMlCii so 



Tfc£ 1 0 m 1 -7^ 1 tfcfcfc 9 \Z~(DE SffflKSM 

MB* 2 m 1 SriOx., 12-18 «FM«li^ffi 1 5 0 At 
g/m 1 OG4 18 (G i b c o BRLliK) SrSSiD 
IT, liilWMLfc. 
[0 13 9] &ib\ 7 j-y-mmt LTW\ 
^HSiy^^7>)h-7!)^ (Taniuchi et 
al.,EMBO J. 1995 14: 3664 

- 3 6 7 8) tf)*4(!:f?£SI<£> I CR^<Dft6i:^iaL. 
1 204^11 3 0JE^b^« LTWfiLLfclttNl^ftBte 

[0 14 0] Ht6g»j4 tjMM&g^g^ Lfz E SftgflS 

^JSFl]3 tCio^T, G4 1 8^«70TOf 
CXZtzE Sj®ti&<D=i n^— ^rgg^LfCo LCB2CK 

ryriiA (dta) t^=y h^ty 

[0141] ^^D--^r^L, L 

^*»«i-5^«>«CPB L S-^T*^U_P_r o t e i 
n a s e K%±m&fr^izi&, ^fef^D N A IT 
PCRta 9 9 d — V^3S^Lfz a 

[0 14 2] P CRlCioV^T^l^c&^c^^-r^ — COJ^; 
[0143] 

Kb 3 1 ^fy^^r— U3/105 (Sfi^J#-^:6) : 
5 ' — gtgctgctagggtttccatttc 
agccaca t — 3 ' 

mm ^tzf-fyT^^?^? * - <oftw ic *> s i&s 

l/^-f^ — pGK-l (I£^iJ##:7) : 

5* — tagtgagacgtgctacttccat 

ttgtcacg — 3' 

(n e oJte-T-jm^.ss' hO^co^SIE^J) 
PCR©HR*fttt, 94tl^ 60tl^ 68t 
3#£r 1 -^-f It 3 01?" ^/Hrl\ PCRlft 

*l%T^o-^y^fl;«Mc»4rm\ jE L< *BIrI*&» 
±^r^To7t^^^ffl^ix-5 P CRli (ft 2. 2kb) 
JdffiSi-Sffill^O KfcfeCfc^ o — v«:IBH44:49JW 
L7t 0 r MJ; W%m>Lfz 2 2 4fi(D^n->(^3 

t>i 6 micn&&&#> bint* 
[0144] mmm&K&£*)iEmzm&-rztiMz* 

ii«LfcE S«ISO— SB^bJftfeftDN 

ofc. 

[0 14 5] M*DNA2 0 u g £H i n d I I It 
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*/T ' '^X-T-fttSQ t^ltlOxSSCgST*^ 

^^^-<7)tC5' *Mll]lC&5X b a I^rHindl 
I I -efflWLfcftfiffDNAWJ}- (4 3 3 b p, rs' 

Ldf^^>^> (DIG) /^/y^if-v'g 

[0 1 4 6] «*35S«A**t<fc^o^:»*WijKl5. 9 10 
kb(D/<yK^ jEL< tBI^»Sl^*tT ofcfc<att*& • 
2. 5kb^yKfjSi^tL^ e 16^n — V^Ttc 
ft5. 9kbtl^2. 5kb©/<yKaSl : 1^8*5) 

[0147] SfefeftD NA20jug£rSacI -CftJWf 

0. 8%T^/n— *y/U«^acft&m\ -7*^n>- 
;>< y/l/VHy b o n d -N+-^-Y U — ifel-J: 13 

ioxssc@sx«?tf: 0 mrts 5 ' -ju-^^^m 

.M;:J: tJifif^* s/tw >^^rtto/i 0 20 
[0 14 8] jEL<ffi|i3»lfcx.*tToyS:fc^JijKjl 0. 

6iM X<7V<>- Kj&MBfc bixfc. 
[0149] M^DNA2 0 ju g £H i n d I I It* 

p< y^l/yHy bond -N + ^^^t: 0 7 ^ — ?£t^ *9 
10xSSCMtK¥Lf: c *^>T^^i»tt3ie-?- 30 

[0 15 0] ^ y V3CD3' ftlJtO 1 o x PIE3WIEL 

<jfA*nfcffiratt*x-4rffoTi^ntf, ms. 4kb 

|cte^-t-5^<>- K^»B*ixS« — *3' ffiijo 1 oxP 
E^JfA**t-Cl^4V^»'frtttt5. 9 k bcO/O-K^ 

[0 15 1] *tBRHalft^.(*:*r**<i:t^«lRHa*Aff 1 
2^o-y|:^l, 7 ^ u — vtc 3 ' ttijco 1 o x Plfi^iJ 40 

S!##r£?ro£. (Robertson E. J. 
(1987) in Teratocarcinoma 
s and embryonic stem cell 
s — a practical approach, 
ed. Robertson, E. J. (IRL 
Press, Oxford), pp. 108—11 
2) c ^<D?h5 ? d — yHol N TiE#&t£?S (2n = 
4 0) ^l^^ibnfCc 50 



[0152] g|t6g»J 5 y >y</U § h ^ h g > 

«fe*DNA^^^7^H'-^3y 
^(Kondoh et a 1 . , 1999, J. 

Biochem. Biophys. Method 
s, 39, 137-142) d £ DfTofio 

[0153] mmm%kz-&&z. Lt^s^t^siBsn 

£E SfflHaoiSIt*, ft 2 4BMB«K*f%L4 BfHWBSft 
fc B ^> ^ B D F 1 Ltf5]il« 
t*L /<7'<7fcbfc±IEE S*MS (2 0E 

sass/8H»ii) o m*««*g«L3aL/i«^ 

[0 15 4] ZCD** 7"^^^C0ai^rlife-efc5C 5 7 
B L/6(7)itt£3cjaU 4ttlT^/:ff-7^^<7)9W 
^X5fe (a g o u t i ) <£>t><7)£:ilt^ *:<om.<D— U 

-CSfi^fciMf >>^d ry^-Y (H i n d I I I 9JWf 

[0 15 5] ±3zEUfc*jSfeJdJ:0, 5o(7)tB|S]»»x.flc;. 
E d — ^3fl>6>, 5fe-ffT 2 6 GEO)*.* 
Lfc 0 -?:<Z)5*>1 OEEStXIEU 7 4 IZEcOfi^ 
fc. ififv^o hjfeicj; 9^605^2 7 Edited' 
»#*±#ld»A£ft;fcfc^**ttU 2E*Lc b 216 

cb2targetj Hol>T r^^ej g^ft^rttfco 
[0156] mi&m 6 N e o ififc J 7-CQg'JB& 
Z<D&VgX~r$XPk&f£±.<D'?V* L c b 2 3tfc J ?-{waS 

I I a C r e h7y^^i-y^!)^ (L a k s o, 
M. e t a 1 . , 1996, Proc. Natl. 
Acad. Sci. USA, 9 3, 5 8 6 0-5 
8 6 5) (*HHiCH5&W«Bf (N I H) (USA) <^ 
Heimer Wastphal W± «t 5Af) £ 
LfCo EI I a C r e fte^^-fe 3/ M-«t ^^^^ 
HfcC r e V =t>\?*—X<Dfemc&V)^ 1 o x Pi- ft 
^iXfcn e oS^^^m^ir^/ has«J9tti£ft5o 

[ 0 1 5 7 ] AffWdii, j«6«5t?»e>ixfc**Lc 
b 2ae^Srt*o^^^ (tt) (^^-a^ff) i:^^^ 
^E I I a C r e h^y^^x^j/^-?^ (fit) 

n e oSg^M^tj/ h^BiJBft^n^m— Bft 
(Fl) "^^^^t#fc 0 'ftbtltz-^VxlZteb^X^ ne 

4 «clE«6oif if y^n y"rj>y (Hindi 1 1 ^l#f 
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(rLcb2floxj) iC(i^3. 6 k b 0V< 
> KjW*B$*15. — E I I a C r e 
•fe y KO«UJ*Ctt, IO- »a*&ttfflLfcifefeftDNA 
i:^tlTtf >7'n >^^rtro/i 0 MDNA 

20Mg^BamHI I t^lfi, l%T#n— 

uyHybond-N + ClOxSSC SSiR-CNg^ L 

7t 0 C r eit^T-CO— Si5{CtB^i-SDNA^fit (Eco 10 

RI»J:S1. Ik bp, Cre-^o— >0 £:/u 

v-^x-McJ; V^o -/-r^ >-^$rfTOit 0 EI I 

aCr elgT-^O^^^d #J 5 . 5, 4. 5, 

2. 5 k b<zv<v K* s B«>6tt5« 

[0 15 8] ±&<Djjmz£ ^SL c b 2lgf*fiF 
o^v** (fll) (tf^g^fle) i:$^EI I aCr 
e F7^^xx^-7^ («|) lJBL^feW-l OBE 

(i3E, Jftt7E) l*S»feJxfc 0 ^ 

<D oh, Mimzn e omfc^^^X^ V h(Dmmtm 20 
< 3&«>lb*U E I I a C r el^^fnt^ 

[oi5 9] jjcf;i, strie**^** "(si) zm±m<D 

C57BL/6v^ (fit) iXIEU §1— (F 
2) ( r^fnj «<frft). 9 IZC «4EE, fit 5 EE) ft . 
tz 0 c\CD? h, Hindi II §JWr ■ 5 ' Z^n— 
<D-9-1f>zfv y*r4>?\z& H c b 2 f 1 o x/<> K 
Oft 3. 6kb) i:Ki^yK Oft 5. 9kb) £ 
13*1 X'Tjk-thO&WftlLtZo W>zfu y Mr. X 9 L 
c b 2 f 1 o x ^Ir^MO^^ Kt5S i # i Czififfcoft* 30 
tt2[£\Z&\,*XKlbbtl1t& % ±XE I I a C r e itfi 

[0160] EI IaCr e ite^SSSW-fe * M24V 

ES:Sa»4S©C5 7BL/6 (Kit) *3SgE£i2\ F 
3 &* 1 0 EE (It 4 EE, At 6 EE) ^%tz 0 ffiK 
tMf^P y MSrfUfflLfcC r e3k&*<Dfe&mz£ 
r>, E I I a C r eite^^ir^ h&ftftt£\<^$ 

c b 2 f 1 o x Ki5*^H l*f 1 "C^O 40 

EI IaCr eite^SrfiF^^V^t^^jltagc^^ix 

[0 16 1] £<b(^ mJfSilSU^ti^^-r o»*ft:RI± 
££IdLT, n e o«e*#8iJI*SiXfc«»L c b 2 if 
fcT- TL c b 2 f 1 o xj IwO^T r^^E-j 
fee SU£0*J2-6{Ci5«tL3t. *36fl03>7^>3t 

[0162] glfeff'J7 CAG-Cr e F7^vx^ 



[0 16 3] C r e ^^^ISrift±*tSSt5C 
AG-C r e h^^yx^y^^^^fj;, 

T<£>3EBSKJ: «9 L c b 2itfc^£^nU::^U 4 
fc, C r eSg^^^TDCtf^y y 2Tt? Y^^* 

[0 16 4] JHfi«5t?#fenfcSC»L c 

b2l^^ov^7 (Hit) (*^-g^{» <t-^ru 
^-^C AG-C r e b 9 > Xis =. =■ y# X <M) t 

U yy^DNA^aiLt L c b 25Sfi : F-coSKSJC 
nmmM4X^tzS a c I ^DWtCj: ^ 5 * /u-^ 
fflPtttV/P^T^y^ CAG-Cr elg^ 

^WKJctiUJfieije-eai^^iB a mH I #JWl-«i:5C r 

^ Lcb 2 3ie^-(Z)aB-ctt»^s ( r+j ) 

12 8. 5kb^\ ( r-j ) <Dm&l*7. 5kb 

<7V<> Kj&MBfckit, C AG-C r e'&fi'T-DflkBlCft 

v^Tli. 3. OU. 5kbO/<yK^i^^^i?) 0 ^ 
— «ao^BE^P> 1 6EEO^ m : 8 EE, jHt : 8 

ee) sfis^feix, zcDv-hm2m, m&m&&&si& r+ 

CAG-Cr e/Oj Xth*ztl 0 
[0165] _b|E r + / — , CAG-Cr e/Oj S y 
V-*V**, MMiffl 5 "CfEM L/cNe o iS^H^F^r 
^A/3t*^S L c b 2 16^ rLcb2'targetj O 

r t a r g e t J ii^^L c b 2Sg^ TL c b 2 
t a r g e t J IrftSri:, F + j |j:i4g}(DL c b 
2Jte j f-SrW-rSwi:, r-j liLcb2iieW^ 
LTl^ri:, TCreJ 12 C r e Ste-? £ r 

i:^S^i-6 0 E)6iC^:$n^ ct 5iC ( + /targ 
e t , 0/0)^2 8i®^:, (-/ target, 0/ 
0) d$3 4fltt, ( + /-, Cre/0) ^2 0f@*# 

mtmmmx&binziiT <o (-/-, c re /o) o 

[0 16 6] J:oT, ^7^>=fJBK^«SMB*r<Bff 
Hjfegll8 K 5-C r e h g v^zn ^ ^/ ^ 7 r> ^ ^ffi 
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m&^'ffofca ffi.U CAG-Cr e Yv^^^^^y 
?-v$x<Dttt>*)\^ Cr e^W^KSrSS»»WI: 
CMt^K5-Cr e h^^^^x-^^^^^^ffl 
^7t 0 K 5 — C r e h 5 its. ~ y ^ -r $X IS, #31 

c b 2 jgg^ rLcb2targetJ<^ r^^-j 
[0167] nhtltz^m(Oy y?T$ h^*?*<D± 

[0 16 8] mSiC^ '&hthti*$£W<D J ytTV Y^ 
[0169] 1911, 3iifi&<^*:^Woy y?7<> Y^ 

>^ t »4ao»l»o*Affl^l»fB©«*«W (AM* 
10 0) ^^-To HI 9 tci^i-J: 5 t-, $1^/7^7 

n^^^^lKMLT^/:, £ bC, 13 9*1*51^ 

[0 17 0] *jt*«<0^7^>'='«ilt*'frrt«<l6** 
jjftfe0ij9 L c k - C r e h g j.^ y ^ ^ g :* jfc 

kmm^ftitL 0 {IL, CAG-C r e h y >^y^^ 
^l:l:Mt^L c k-C r e F7^yx^y^^ 

fcl^JI L c b 2 itg^ rLcb2targetj <£> 

[0171] nbtitz*mw<ny y?7<? h-^^^^o 

flfe* (1 9 9 9) , :7h-1tM I> y-g£g£, * 

SEQUENCE LISTING 
<110> Hie Institute of Physical 
<120> Condi tional ly knocked-out 
<130> 003248 
<160> 7 



x^z>o &{tma*6m&<ot&; ?*7$ h-rtxxy 

BSBS^ct^K^tBtBL, -ttL^nPE«»StCD4St 
ft2&t/APC««ttCD8tfifffcr»!ft*:lSLfca ft^ 
T\ FACS Vantage (Bee ton, Di 
ckinson and Company |±M) ^ 
CD4*3<tl/CD8^B8i-S2»:7t;**ft-«tS*ffllia 
»B"J*tTort: 0 i*felPE, APC^BBLTtt-tiX-e 
ft&tibitsF L 2 (J^$e/ / ^tU®^> 4 8 8 nra/575 
10 nm) <bFL4 (5 9 8 nm/6 6 0 nm) KTglttJ* 

[0 1 7 2] S^^Hl 1 Of^-To HI 1 OI^PTCD 
iHBiaf4*7 — TJNBflS«ilffiai--5. T«£tt*#it:<Z)t^ 

fcfc»ttfc:*:»K S6>Jc^fMSjttftCD4<o^BH4 

TJBIS) \ SfcteCDStf^Rfttt (3r 7 — T 

aia) <b^5 0 si i o \z&\,*xmmxittftw<Ds y? 

— TABUS) £*4. 6%a><b2. 3%i:»*^«^ 
3. 0%t l/4J^TJ-a / >L^o 

[0 17 3] ££>lc; *7-»M*-«MfcLfcTMI&fc. 
o^T, ^jSS&itSrlJI^fco Af£tfJf^3\ Hi 0 ir^ 

TflBIS) (4#©2. 3%) COV^T, fetCD 
3efct{£ 145-2C11 (Pha rmi genjii 
30 «9A^5Jh£) «ffi^CD3eMI^I 
-<7t c M»CD3eMllt T»^W^S 
t**£«.S£*U «'»*©Bjci:<tS. «**BI 1 lie 

Hi l li, ytTV Y-f?*<vtifai&& 

[0174] iot, *mMm<DX7j ^=fiiit^tf: 

[01 75] 

and Chemical Research 

mammals of sphingol i pids synthesis 
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<210> 1 

<211> 560 
<212> PRT 
<213> Mouse 
<400> 1 

Met Arg Pro Glu Pro Gly Gly Cys Cys Cys Arg Arg Pro Met Arg Ala 

15 10 15 

Asn Gly Cys Val Lys Asn Gly Glu Val Arg Asn Gly Tyr Leu Arg Ser 

20 25 . 30 

Ser Thr Ala Thr Val Ala Ala Ala Gly Gin He His His Val Thr Glu 

35 40 45 

Asn Gly Gly Leu Tyr Lys Arg Pro Phe Asn Glu Ala Phe Glu Glu Thr 

50 55 60 

Pro Met Leu Val Ala Val Leu Thr Tyr Val Gly Tyr Gly Val Leu Thr 
65 70 75 80 

Leu Phe Gly Tyr Leu Arg Asp Phe Leu Arg His Trp Arg lie Glu Lys 

85 90 95 

Cys His His Ala Thr Glu Arg Glu Glu Gin Lys Asp Phe Val Ser Leu 

100 105 110 

Tyr Gin Asp Phe Glu Asn Phe Tyr Thr Arg Asn Leu Tyr Met Arg He 

115 120 125 

Arg Asp_Asn Trp Asn Arg Pro He Cys Ser Val Pro Gly Ala Lys_Val_ 

130 135 140 

Asp He Met Glu Arg Lys Ser His Asp Tyr Asn Trp Ser Phe Lys Tyr 
145 - - 150 * 155 160 

Thr Gly Asn He lie Lys Gly Val lie Asn Met Gly Ser Tyr Asn Tyr 

165 170 175 

Leu Gly Phe Ala Arg Asn Thr Gly Ser Cys Gin Glu Ala Ala Ala Glu 

180 185 190 

Val Leu Lys Glu Tyr Gly Ala Gly Val Cys Ser Thr Arg Gin Glu He 

195 200 205 

Gly Asn Leu Asp Lys His Glu Glu Leu Glu Lys Leu Val Ala Arg Phe 

210 215 220 

Leu Gly Val Glu Ala Ala Met Thr Tyr Gly Met Gly Phe Ala Thr Asn 
225 230 235 240 

Ser Met Asn He Pro Ala Leu Val Gly Lys Gly Cys Leu He Leu Ser 

245 250 255 

Asp Glu Leu Asn His Ala Ser Leu Val Leu Gly Ala Arg Leu Ser Gly 

260 265 270 

Ala Thr He Arg He Phe Lys His Asn Asn Met Gin Ser Leu Glu Lys 

275 280 285 

Leu Leu Lys Asp Ala He Val Tyr Gly Gin Pro Arg Thr Arg Arg Pro 

290 295 300 

Trp Lys Lys He Leu He Leu Val Glu Gly He Tyr Ser Met Glu Gly 
305 310 315 320 

Ser lie Val Arg Leu Pro Glu Val He Ala Leu Lys Lys Lys Tyr Lys 

325 330 335 

Ala Tyr Leu Tyr Leu Asp Glu Ala His Ser He Gly Ala Leu Gly Pro 

340 345 350 

Ser Gly Arg Gly Val Val Asp Tyr Phe Gly Leu Asp Pro Glu Asp Val 
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355 360 365 

Asp Val Met Met Gly Thr Phe Thr Lys Ser Phe Gly Ala Ser Gly Gly 

370 375 380 

Tyr He Gly Gly Lys Lys Glu Leu He Asp Tyr Leu Arg Thr His Ser 
385 390 395 400 

His Ser Ala Val Tyr Ala Thr Ser Met Ser Pro Pro Val Met Glu Gin 

405 410 415 

He lie Thr Ser Met Lys Cys He Met Gly Gin Asp Gly Thr Ser Leu 

420. 425 430 

Gly Lys Glu Cys He Gin Gin Leu Ala Glu Asn Thr Arg Tyr Phe Arg 

435 440 445 

Arg Arg Leu Lys Glu Met Gly Phe lie He Tyr Gly Asn Glu Asp Ser 

450 455 460 

Pro Val Val Pro Leu Met Leu Tyr Met Pro Ala Lys He Gly Ala Phe 
465 470 475 480 

Gly Arg Glu Met Leu Lys Arg Asn He Gly Val Val Val Val Gly Phe 

485 490 495 

Pro Ala Thr Pro He lie Glu Ser Arg Ala Arg Phe Cys Leu Ser Ala 

500 505 510 

Ala His Thr Lys Glu He Leu Asp Thr Ala Leu Lys Glu He Asp Glu 

515 520 525 

Val Gly Asp Leu Leu Gin Leu Lys Tyr Ser Arg His Arg Leu Val Pro 

530 " 535 540 

Leu Leu Asp Arg Pro Phe Asp Glu Thr Thr Tyr Glu Glu Thr Glu Asp 
545 550 555 560 

<210> 2 
<211> 1893 
<212> DNA 
<213> Mouse 
<400> 2 

gtcctgctgc cgggtgctgc cgggaggatg 
cgcccgatgc gggcgaacgg ctgcgtcaag 
agcagcaccg ccaccgtcgc ggctgccggc 
ctgtacaaaa gaccgttcaa tgaagctttt 
acatatgtgg gctatggcgt actcaccctc 
tggagaattg aaaagtgcca ccatgcaaca 
ttgtatcagg attttgaaaa cttctataca 
tggaatcggc ctatctgtag tgtgcctgga 
catgactata actggtcatt caagtacaca 
ggttcctaca actatcttgg atttgcgagg 
gaagtcctca aggagtatgg agcaggggtg 
gacaagcatg aagaactaga gaaattggta 
acctatggca tgggatttgc aacaaattca 
tgcctgattc tgagtgatga gctgaaccat 
ggagcaacca ttcgaatctt caaacacaac 
gatgccattg tttatggtca gcctcggaca 
gtggaaggca tatatagtat ggaggggtct 
aagaagaaat acaaggcata cttgtatctg 
ccttcagggc gaggcgtggt agattacttt 
atgggaacat tcacaaagag cttcggtgct 



cggccggagc ccggaggctg ctgctgccgc 60 

aacggggaag tgaggaacgg gtacttgagg 120 

cagattcatc atgtaacaga aaatggagga 180 

gaagaaacac ccatgctggt tgctgtgctc 240 

tttggatatc ttcgagattt cttgaggcat 300 

gaaagagaag aacaaaagga ctttgtgtcc 360 

aggaacctct acatgagaat cagagacaac 420 

gccaaggtgg atatcatgga gagaaaatct 480 

gggaatataa ttaaaggtgt aataaacatg 540 

aacactggat catgtcagga agcagctgct 600 

tgcagcactc gtcaggaaat tggaaacctg 660 

gcaaggttct taggtgtgga agctgctatg 720 

atgaacattc ctgctcttgt tggcaaaggt 780 

gcgtcactgg ttctaggagc cagactgtca 840 

aatatgcaaa gcttagagaa gcttttaaaa 900 

agaagaccct ggaagaaaat cttaatcctt 960 

attgttcgcc ttcctgaagt gattgctctc 1020 

gatgaggctc acagcattgg ggctcttggc 1080 

ggcctggatc ctgaggatgt agatgttatg 1140 

tcaggaggat acatcggagg caagaaggag 1200 
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ctgatagact acctgcgcac acattctcac agtgctgtgt atgccacgtc gatgtcaccg 1260 

cctgtgatgg aacagattat cacctccatg aagtgcatca tggggcagga tggcaccagt 1320 

cttggcaaag aatgtataca gcagttggct gagaacacca ggtatttcag gagacgcctg 1380 

aaggaaatgg ggttcatcat ctatggcaat gaagactccc cggtggtgcc tttgatgctc 1440 

tacatgccgg ccaaaattgg cgcctttgga agagagatgc tgaagcggaa cattggtgta 1500 

gttgtggtgg gatttcctgc taccccgatc attgagtcca gagccagatt ttgcctgtca 1560 

gcagctcata ccaaagaaat acttgacact gctttgaagg agatagatga agttggggat 1620 

ctgctgcagc taaagtactc tcgccaccgg ctggtgcctc tactggacag gccctttgat 1680 

gagactacct atgaagagac agaagactga gcctttctgg tgctccctag agggggataa 1740 

ttcctcccag gacagtgtgt ggcctttctg agccaattcc aggaaccaca cttcagtgac 1800 

cacttcatgt gaaagacatt tctgaagcta ctgaaggtgg ccaccttcac tccaaatggc 1860 

atttitgtaaa tagtaaaaaa accaaactgc ttc 1893 
<210> 3 
34 
DNA 

Bacteriophage PI 



<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



LoxP site 
3 

ataacttcgt ataatgtatg ctatacgaag ttat 
<210> 4 

43 
DNA 

Artificial sequence 



<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



Designed cDNA for producing the plasmid pBS-Lcb2B(2) loxP 
4 

ataacttcgt ataatgtatg ctatacgaag ttataagctt gca 
<210> 5 
43 
DNA 

Artificial sequence 



<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



Designed cDNA for producing the plasmid pBS-Lcb2B(2) loxP 
5 

agcttataac ttcgtatagc atacattata cgaagttatt gca 
<210> 6 
30 
DNA 

Artificial sequence 



<211> 
<212> 
<213> 
<220> 
<223> 
<400> 



Designed cDNA for PCR 
6 

gtgctgctag ggtttccatt tcagccacat 
<210> 7 
30 
DNA 

Artificial sequence 



<211> 
<212> 



<213> 
<220> 
<223> 



Designed cDNA for PCR 
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<400> 7 

tagtgagacg tgctacttcc atttgtcacg 

[i3] B3fi, Lcb2-AioJ;i;Lcb2-B« 

[15] H5f3, ^lO^yfVyHt^y^n 1 ) 
[16] CAG-Cr e h7^^=7^-7 

[17] 1711 K5-C r e h7^^=^"7* 



10 



^7^ 
[18 

[19 

[1 1 

[1 1 

^siy 



] I8li, K5-Cre F7^^xn 7 ^-7-) 
] 19 d K5-Cre h^^^x , . 



y 



0]Bllli, Lck-CreF7>^^-3' 

T*Biaoji«jaaigijoii**4r^i-o 

1 ) 0 1 1 tt, Lck-Cre^^'^-^ 

D 3 e 5§mS£S^fc*£*£^-t- 0 



[11 ] 



1 :X7^ >Jfl|gO£triE 

ir U > + h-T JUCoA 

^ty^^Sh'f JHk»»* (SPT) <Lct>1 , Lxb2) 
^ T^UCcA:*"?* >jEf->W.rS/il» h7>^7i?-t? 



UDP-Gal 
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[12] 



Cte/loxP txv^fA 




Lcb2agfc^F 




>7--f V3 



Tg- ^ ^ X 



1 14 J 



o 

0.1 



J 7 5 0 



60 6.5 6 fi 



95 10-0 



IXOktap 



+4 



#■++ 



Not 

Hindi) I 



BcoRI \ HintOI wmni 
Xfcot* EcoRI BamHI 
^ FxoRI 



-M— 

EcvRI K^9» 



pBS-LcbZB 



Hindtlt 



N«4 



2)pBS-Lcb2B(l)floxcd pGK-neoCOffcS&J \ 

0 OA ^ 23 J.' 4.7 JD 

I I I II pBS-Lck^B(l) 



Nol Xb«) 



1 I M~1gF^"> 



N©4 X**I 



3)pBS-Lcb2B(2)loxPO(^S 

> loxP~HrdlII(EcoTZ2I) 

* \ 

3.1 4.7 5 0^ 

1 I I I I \ pBS-lrb3B<2) 

EccRV EtoT23 Xh<* . 
Nd«t Em St \ 
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pBluetcriptll KS+ 



1 



MAtl Ceo 

pBS-Lch2B<l)flcwe{rpGK-YO 



M H I I pB5-Lch2B(2)laxP 



4)Lcb2TV3PDtf^ 



■Th4 



- -\ 



Xb*) X1>jJ 
Nod 



Ndt]Ndd Xhd Xhdi HndBl Hrrwltll 
HK * ,B ' Er»RI BanMI 
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